differs across the seven dimensions. Interest in activities which are likely to promote cognitive activation (investigative, networking) or involving the communication of knowledge (social, enterprising, and networking) are increasingly connected to conceptual understanding, especially in upper secondary grades. Interest in guided hands-on activities (realistic) which are typical in secondary science teaching, however, shows only small positive correlations to students' conceptual understanding across all grades. Hence, in uppersecondary school, investigative, social, enterprising, and networking activities seem to provide opportunities to benefit most from the interrelation between students' interests and their understanding.
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| I NT ROD UCTI ON
Scientific knowledge and interest (in science) are decisive factors for our understanding of the world and, hence, our action. The foundations for both knowledge about and interest in science are laid in school as a meaningful engagement with scientific ideas is likely to occur here first. Unsurprisingly, the acquisition of a sound scientific knowledge is a crucial goal of science education, not least because it is a prerequisite for the much needed participation of citizens in the modern society that is shaped by scientific inventions and technical achievements (Chopyak & Levesque, 2002) . Interest has been proposed to play a central role in knowledge development, affecting students' learning processes (Hidi & Renninger, 2006; Krapp & Prenzel, 2011; Renninger & Hidi, 2011) , quality of learning outcomes (Schiefele, 2001) , and sustaining learning over time (Cordova, Sinatra, Jones, Taasoobshirazi, & Lombardi, 2014 ) as well as study success (Bengmark, Thunberg, & Winberg, 2017) . Although several empirical studies corroborate the theoretically assumed positive relationship between interest and knowledge development ambiguities do exist. Correlations vary substantially between studies, from near zero to strong (Schiefele, Krapp, & Winteler, 1992) . Furthermore, uncertainty remains on how the association between interest and knowledge develops over the time of schooling (Denissen, Zarrett, & Eccles, 2007; Rotgans & Schmidt, 2017) . One reason for this ambiguities could be that students' interest varies not only between subjects and topics but also between different activities within the process of doing science (Azevedo, 2013; Luce & Hsi, 2015; Swarat, Ortony, & Revelle, 2012) . A focus on scientific activities also establishes a basis for comparing students' interest across longer time periods (i.e., several years of schooling) as these activities are rather stable and comparable while topics and contexts usually differ considerably between different grades. Hence, to generate meaningful results on the long-term relationship between interest and knowledge development, measurements of interest must account for the existence of several possible types of activities within a subject instead of merely considering an averaged (general) subject-related interest or comparing students' interest in topics which vary over time. Taking scientific activities into account when examining students' interests in chemistry is particularly reasonable because a characteristic of chemistry education is its emphasis on scientific activities such as devising, performing, and interpreting experiments (National Research Council, 2012 ; NGSS Lead States, 2013). Ryan, 1985) and suggests that this predisposition will only be realized if a person satisfies the need of competence, autonomy (Tsai, Kunter, L€ udtke, Trautwein, & Ryan, 2008) , and social-relatedness.
With that in mind, we argue that, regardless of the type of interest, the higher the attractiveness of the activity is, the higher the perceived scope for self-determined behavior will be, ultimately leading to increased engagement, concentration, and persistence of the individual in the specific situation (Deci & Ryan, 1985; Guay, Ratelle, & Chanal, 2008; Jang, Reeve, & Deci, 2010) . Although interest may initially be triggered by situational features that appeal to the individual, for example, by perceived goal congruency or novelty of the activity (Palmer, 2009; Renninger & Bachrach, 2015) , if sustained, it will lead to increased effort (Trautwein et al., 2015) and, eventually, increased content knowledge. Higher content knowledge will in turn feedback on the individual's interest by an increased perception of both competence and ability to pursue own "curiosity questions" in relation to the material to be learned (Hidi & Renninger, 2006) . Although the causes of interest might differ during the development from situational interest to individual interest, actual competence should increase during the course of interest development (Renninger & Hidi, 2011) .
With regard to the specificity of interest, that is, pertaining to what a person is interested in, the use of school subjects for characterizing the content structure of students' interest in science is often considered too rough from a theoretical perspective. Additional aspects such as subject contents and themes, contexts (Häussler, Hoffmann, Langeheine, Rost, & Sievers, 1998) , or activities (Schmidt, Rosenberg, & Beymer, 2018; Swarat et al., 2012) may be indispensable for describing profiles of interest in science. Such an integrated approach is provided by the adapted version of Holland's RIASEC model, allowing more precise insights into the development of interest and its connection to learning Dierks et al., 2014 Dierks et al., , 2016 . The adapted version of the RIASEC model takes up the multifaceted structure of the original model, that is, the categorization of interests into different personality types (according to which scientists would be allocated to the dimension investigative solely), but instead of focusing on vocational interests, it describes interest in different types of school science activities. In this vein, the adapted RIASEC model differentiates between interest in realistic ("doing experiments guided by an instruction"), investigative ("plan experiments to investigate something"), artistic ("draw an observation"), social ("explaining something to fellow students"), enterprising ("organizing a small chemistry project"), conventional ("tabling the results of an experiment"), and networking ("talking to fellow students about chemical topics") school science activities (Dierks et al., 2016) . Compared to the original model (Holland, 1997) , networking was added as a new dimension due to the results of factor analyses, hence, the model has been extended to the seven RIASEC 1 N dimensions of interest in school science activities (Dierks et al., 2014) . The RIASEC 1 N model acknowledges all seven dimension as meaningful elements of science instruction and thus provides a more multifarious picture of (school) science than the rather stereotypical categorization of science as an exclusively investigative endeavor in the original model (Holland, 1997) . So far, evidence for the hypothesized structure has been found , but no findings in connection to achievement have been reported. Due to its differentiation and decontextualized operationalization, the model allows precise comparisons of students' interests over longer time spans.
There is ample evidence for a decline of interest over the years of schooling. Particularly, students tend to lose their interest in natural science subjects such as chemistry and physics (Anderhag et al., 2016; Krapp & Prenzel, 2011; Wigfield & Cambria, 2010) . Krapp and Prenzel (2011) emphasize three main reasons for this decline, namely, (i) the quality and type of instruction (Kunter et al., 2014; Schiefele & Schaffner, 2015; Tr€ obst, Kleickmann, Lange-Schubert, Rothkopf, & M€ oller, 2016) ; (ii) developmental issues (students in adolescence prioritize new developmental tasks); and (iii) differentiation processes of interest in adolescence. Additionally, findings by Anderhag et al. (2016) indicate a change of students' object of interest in science subjects during their school life, from general enjoyment of being in class to an increasing focus on scientific objects, underlining the need for a more discriminated approach for assessing interest.
| Interplay between interest and academic achievement
The interplay between interest and academic achievement is commonly discussed against the background of theories focusing solely on interest, for example, the four-phase model of interest development (Hidi & Renninger, 2006; Renninger & Hidi, 2011) , or broader frameworks such as the social cognitive career theory (Lent, Brown, & Hackett, 1994) and the expectancy-value theory of achievement motivation (Eccles, 2009; Wigfield & Eccles, 2000) . The latter two seek to explain the pursuit of academic activities as well as career aspirations and choices. The social cognitive career theory posits favorable beliefs about one's academic performance and outcome expectations as prerequisites for interest development and stresses the importance of interest for the engagement in academic activities and consequently knowledge acquisition (Sheu et al., 2010) . Similarly, according to Eccles, Fredricks, and Epstein (2015) , interest can be interpreted "as both the outcome of activity choice processes and as one of the inputs into activity choice" (p. 326). Hence, both framework suggests that interest is associated with an increased likelihood to engage in more challenging tasks as well as a higher persistence in performing a given task, resulting in higher achievement which in turn is related to interest development, so that reciprocal relations between interest and achievement can be concluded.
In general, studies document a positive relation between interest and academic achievement in different domains. Empirical findings indicate that students with a higher interest are more likely to adopt effective learning strategies (Berger & Karabenick, 2011; Krapp, 2002b) and to invest more effort (Trautwein et al., 2015) than students with lower interest. Moreover, the positive effects of interest on learning seem to be mediated by attentional processes, affect, and persistence (Ainley et al., 2002) as well as selfregulation (Lee, Lee, & Bong, 2014) . In a meta-analysis, Schiefele et al. (1992) found a mean correlation of r 5 .30 (95% CI: .04-.56) between domain-specific interest and achievement. Other studies indicate that this correlation seems to increase over time (Denissen et al., 2007; Kim, Jiang, & Song, 2015; K€ oller, Baumert, & Schnabel, 2001) . More recent studies revealed that interest was the best predictor of class grade, whereas test scores were more strongly related to cognitive abilities-with interest playing a less important, but still significant role (Jansen, L€ udtke, & Schroeders, 2016) .
There is evidence that the interest-achievement relation is higher in chemistry and physics as well as math when compared to biology (perceived to be more verbal) and first-language (L1; Jansen, Schroeders, L€ udtke, & Marsh, 2015; Jansen et al., 2016; Krapp & Prenzel, 2011; Wigfield & Cambria, 2010) . Longitudinal studies indicate small reciprocal effects between interest and achievement (Garon-Carrier et al., 2016; Harackiewicz, Durik, Barron, Linnenbrink-Garcia, & Tauer, 2008; Marsh, Trautwein, L€ udtke, K€ oller, & Baumert, 2005) , but results regarding the causal relation are still inconclusive (Jõgi, Kikas, Lerkkanen, & Mägi, 2015; Rotgans & Schmidt, 2017; Viljaranta, Tolvanen, Aunola, & Nurmi, 2014) .
| Conceptual understanding
In this study, academic achievement is conceptualized in terms of students' understanding of fundamental chemical concepts. The acquisition of a sound scientific understanding is a pivotal aim of science education. With regard to school science, a central question is how to support the growth of understanding over time. In recent years, researchers have recommended to focus science education on core concepts that are fundamental to the discipline, instead of teaching a broad range of different topics and content aspects (Bransford, Brown, & Cocking, 2000) . In many countries, novel educational standards have adopted this view by incorporating disciplinary core concepts (Bernholt, Neumann, & Nentwig, 2012; NGSS Lead States, 2013) . Hence, modern curricula underlie the assumption that "learning ought to be coordinated and sequenced along conceptual trajectories (Driver, Leach, Scott, & Wood-Robinson, 1994) , developmental corridors (Brown, 1997) , and learning progressions" (Duschl, Maeng, & Sezen, 2011, p. 123) . The focus on core knowledge and practices which are fundamental to the domain intends to overcome the problems with the often partitioned teaching of independent topics, modules or units (Duschl, Schweingruber, & Shouse, 2007; Osborne & Collins, 2000) .
Although the relevance of fundamental concepts have been emphasized for many years, research on students' understanding has consistently shown that students' fail to obtain a deeper understanding even of the most fundamental concepts, for instance the particulate nature of matter (L€ ofgren & Helld en, 2009; Morell, Collier, Black, & Wilson, 2017; Stefani & Tsaparlis, 2009 ), chemical reaction (cf., Talanquer, 2008 Taskin & Bernholt, 2014 ), or energy (cf., Herrmann-Abell & DeBoer, 2018 Neumann, Viering, Boone, & Fischer, 2013) . Thus, it remains an open question to which extent school science enables students to develop a sophisticated understanding of fundamental concepts in the domain and which learning gains can be expected from year to year (Bloom, Hill, Black, & Lipsey, 2008) .
Studies have revealed much about the conditions for learning in various domains and how the thinking of high achievers differs from that of novices (Bransford et al., 2000; Chi, Feltovich, & Glaser, 1981) . "High performers have acquired extensive stores of knowledge and skill in a particular domain. But perhaps most significant, their minds have organized this knowledge in ways that make it highly retrievable and useful" (Pellegrino, 2012, p. 84) . With regard to the current study, conceptual understanding is thus considered to be reflected by a successful application of scientific knowledge in a variety of contextual settings related to a particular concept that is fundamental to the domain (Bransford et al., 2000; Weinert, 2001) . Consequently, high achievers should differ from low achievers by demonstrating a more sophisticated understanding of a particular concept, but also in a higher chance of recognizing and applying a particular concept successfully in a given problem context (diSessa & Wagner, 2005; Pellegrino, Chudowsky, & Glaser, 2001 ).
| R ES EAR CH QU ES TI ON S
As studies addressing the interrelation of interest and achievement often make use of rather global measures, both with regard to interest (e.g., interest in chemistry) and achievement (e.g., course grades or results from standardized tests), this study intends to provide more differentiated insights into the interplay between both constructs. With regard to students in lower and upper secondary school (i.e., Grades 5-11) in Germany, students' interest in school science activities was measured with the adapted version of the RIASEC 1 N model. While the original RIASEC model (Holland, 1997) focuses on students' vocational interests, the adapted version used in this study aims at capturing students' interest in school science activities in seven dimensions (Dierks et al., 2014) . In addition, students' conceptual understanding was assessed with regard to three fundamental concepts that also provide the structure of the curriculum students are taught to in school (KMK, 2004) .
Besides the implementation of more differentiated measures, the objects of both constructs (fundamental chemistry concepts and school science activities) are in focus of chemistry teaching across the entire grade span covered in this study, that is, from Grades 5-11. While the assessment of students' understanding of or interest in different science topics or contexts is also a plausible account (Häussler et al., 1998) , these features generally vary between grades. Even students' perception of a specific subject (and thus the measured construct when operationalized as, for example, interest in chemistry) is considered to change over time (Frenzel, Pekrun, Dicke, & Goetz, 2012) . Consequently, the measures applied in this study were selected to provide a sound basis for comparing the results of students' conceptual understanding and interests across the entire time span of secondary school.
In summary, both measures were used in a cross-sectional design to address the following three research questions:
1. To what extent do both instruments provide valid and reliable measures for comparing students' interests in school science activities and their conceptual understanding across Grades 5-11?
The instrument based on the adapted version of the RIASEC model has been used in different grade levels in different studies Dierks et al., 2014) , but not across the entire grade span of secondary school chemistry. With respect to the first research question pertaining to the validity of the RIASEC 1 N model, we expect that tests against plausible, alternative models will speak in favor for the assumed seven-dimensional factor structure of the adapted model. Additionally, we expect measurement invariance across grade levels indicating that the construct is perceived equally by students of different grades and thus comparisons across grades to be meaningful. Comparably, we expect that a rigorous test design which is closely aligned to the curriculum students are taught to will provide a reliable and valid measure of students' understanding of three central concepts from introductory courses to upper secondary Chemistry education.
How do both constructs (interest in school science activities and conceptual understanding)
develop over the different grades of lower and upper secondary school? Based on findings from studies focusing on students' interest in the domain of science, generally, it is expectable that the cross-sectional analysis in this study will also indicate an overall decline across grades. With regard to the more differentiated measure based on the sevendimensional RIASEC 1 N model, however, it is so far unclear whether this decline pertains to all seven dimensions of students' interest in school science activities or whether different patterns can be observed.
We expect an increase in students' conceptual understanding across grades. However, due to a lack of studies focusing on the development of students' conceptual understanding with regard to central and curricular anchored concepts on longer timescales (in general but also concerning the concepts of the German educational standards), there are only vague insights concerning expectable learning gains from year to year.
How does the relation between interest and conceptual understanding develop over the different grades?
Based on the literature, a positive relationship between interest and conceptual understanding is the expected finding in this study. However, across studies and thus across different conceptualizations of both constructs, the strength of the relation between interest and conceptual understanding varies substantially (Schiefele et al., 1992) . So far, the adopted version of the RIASEC 1 N instrument was not used in combination with an achievement test, so it is unclear whether there will be a common pattern across grades between students' interest in school science activities and their performance in the conceptual test or whether the results suggest a tighter link between interest in specific activities and students' conceptual understanding. Across grades, different studies indicate that the correlation between interest and achievement increases over time (Denissen et al., 2007; Kim et al., 2015; K€ oller et al., 2001 ), but differences in the interrelation between interest in specific activities and students' conceptual understanding might alter this overall trend for specific combinations, thus providing a more diverse picture across the different dimensions of school science activities.
| D ES I GN AN D ANA LYS I S P RO CEDU RE

| Instruments
| Interest
To capture students' interest in school science activities, we used the RIASEC 1 N instrument developed by Dierks et al. (2014) and adapted by Blankenburg et al. (2016) and Dierks et al. (2016) . The RIASEC 1 N model distinguishes between seven dimensions of interest in school science activities (realistic, investigative, artistic, social, enterprising, conventional, and networking activities). Each of the seven dimensions was represented by four items asking for students' interest in the specific activity (Supporting Information Table S1 ). In sum, 28 RIASEC 1 N items were administered that had to be answered on a four-point rating scale (from "I am not interested at all in doing this" (1) to "I am very interested in doing this" (4)). As the instrument has been used in previous studies, including pretests to assure item comprehensibility and an understandable answer format with regard to the target population, no further changes or adaptions of the published version of the questionnaire were made for this study.
In terms of validity (Joint Committee, 2014; Messick, 1994) , the items were developed to address authentic school scenarios. This was done in close collaboration with teachers from different school types. In addition, think-aloud interviews were performed with students of different grade levels during filling in the questionnaire to ensure that students' understanding and their answer process matched the researchers' intentions (Dierks et al., 2014) . In consequence, the items cover authentic and representative activities in school science lessons and are phrased in a manner to ensure that students' cognitive processes are in line with the theoretical target construct (cf. content and substantive aspects of construct validity; Messick, 1995) .
| Conceptual understanding
As we intended to investigate the conceptual understanding of a diverse sample, ranging from Grades 5 to 11, we attempted to survey the complexity of students' understanding by combining classical multiple choice items with a rather new item type-so-called ordered multiple-choice items (OMC). These OMC items are designed similarly to regular multiple-choice items by providing several response options ( Figure 1 ). One response option is interpreted as correct (i.e., a scientifically acceptable understanding) and corresponds to the highest level of understanding that can be assessed with this item. The remaining options either represent a scientifically inappropriate understanding, usually reflecting common alternative conceptions, or are incomplete, but correspond to specific lower levels of understanding (based on theoretical or empirically validated models of understanding a particular concept; cf. Hadenfeldt, Bernholt, Liu, Neumann, & Parchmann, 2013) . OMC items are assumed to be a valid replacement for open-ended item formats and are additionally less time and money consuming (Alonzo & Steedle, 2009; Briggs, Alonzo, Schwab, & Wilson, 2006) .
Based on the German educational standards, three concepts (denoted as basic concepts) were selected for constructing the conceptual test: the structure and composition of matter, chemical reaction, and energy (KMK, 2004) . Besides newly developed items, about half of the test is based on items that focused on the target concepts and had been empirically validated in previous studies for assessing the conceptual understanding of students across multiple grade levels (Matter and Chemical Reaction: Hadenfeldt, Neumann, Bernholt, Liu, & Parchmann, 2016; Energy: Opitz, 2017 ).
The test construction followed a common item anchor design with grade specific items. To populate this design, six items were intended to constitute the anchor to link the results from students in different grades. Besides, four items for each concept and each grade of the target population were selected to addresses content aspects that are usually taught in a particular grade. Consequently, each participant received the six anchor items and four grade-specific items for each concept, resulting in 30 items per student. An expert panel of four chemistry education researchers and three chemistry teachers reviewed the final item pool (114 items) to select the most suitable ones (in terms of content validity), to check the response options for correctness, ambiguities, or alternative plausible interpretations that could affect between-options relationships, to confirm the rating of the student's level of understanding, and to check the assignment of items to specific grades. To provide additional evidence for a valid interpretation of the test scores, think-aloud interviews were conducted with a sample of items used in this study to ensure that the items are understandable and evoke the intended cognitive processes for solving these items (Hadenfeldt, Repenning, & Neumann, 2014) . Besides interest in school science activities and conceptual understanding, the final questionnaire included questions regarding demographic variables (gender, age, first language, and SES) and several other constructs (self-concept, motivation, and epistemic beliefs) that are not in focus of this article.
| Data collection
The data were collected in five secondary schools in Northern Germany. All students were attending the Gymnasium (the highest track of secondary schools in Germany, preparing students for higher studies). The sample consisted of N 5 2510 students (56% female; 12% speaking predominantly a foreign langue at home) from 136 classes, ranging from Grades 5 to 11. The five selected schools are a convenience sample of schools that were willing to participate in this study. Within these schools, all classes were included in the data collection. Although the sample was not drawn as a representative sample for the federal state or the country, basic demographic information indicate a comparable composition of our sample (in terms of gender, migration background, and SES) and sample characteristics reported in representative studies on state level (cf. Leucht, Kampa, & K€ oller, 2016) .
Science education in Germany normally commences in fifth grade, with science subjects being taught as a combination of distinct science subjects (e.g., physics and biology) or as an integrated science instruction in Grades 5 and 6 (M€ oller, 2014). Thereafter, science subjects are taught in a differentiated manner, with biology, physics, and chemistry as separate subjects. After Grade 9, students have the option to drop out from taking chemistry courses. In our sample, 78% of the students in Grade 10 and 68% of the students in Grade 11 attended chemistry classes (Supporting Information Table S2 ).
As the constitution and also the quality of school lessons depends on multiple factors, for example, the teacher's background, class and school composition, or school climate, the teaching usually differs between classes and schools. Although there is certainly variance between teachers, video studies indicate that F IGUR E 1 Example of an ordered multiple choice (OMC) item for the basic concept "chemical reaction." Each option of the item corresponds to a specific level of students' conceptual understanding and was scored accordingly based on a partial credit model a typical German chemistry lesson can be characterized by a short initial (1.8% [of the teaching time]) and repetition phase (3.2%) and a longer consolidation phase (6.0%). The development phase (83.4%) represents the longest part of the lessons, in which new content is taught. It is mostly dominated by independent seatwork (41.4%) and class discussion (32.2%). Frontal teaching social forms (class discussion (32.2%) and teacher talk (18.6)) occur most of the time. In general, class discussion (35.8%) represents a very dominant teaching method with the German chemistry lessons (Bj€ orkman & Tiemann, 2013, p. 3; Stiller, 2016) .
Although different projects tried to accomplish a shift in communication opportunities and agency for the benefit of students (e.g., context-based learning approaches that emphasize student-centered activities and decisions during the learning process; Menthe & Parchmann, 2015) , the role of the teacher is still rather dominant. Moreover, summative and content-oriented assessment approaches are prevalent with an emphasis on factual knowledge, both within class and in centrally administered tests (K€ uhn, 2016) . More formative approaches of performance assessment and feedback are seldom applied in school practice (OECD, 2005) . With regard to lab work, science lessons in Germany can generally be characterized by a regular implementation of experiments, even when these occasions are dominated by carrying out prescribed, recipe-like experiments and seldom by developing own experiments. Overall, science education in Germany is usually characterized by social activities, such as introducing one's own ideas and discussing scientific questions or experiments (Schiepe-Tiska et al., 2016) .
The study was conducted in February to April 2015 during regular lessons based on a standardized protocol by trained personnel, that is, by the research team, not by teachers of the school. After the students received a brief introduction into the study, questionnaires were administered, instructions given and clarification questions taken. The students had sufficient time for filling in the questionnaire, which took about 120 min for all constructs. Students participated on a voluntary basis, with the parents' written consent, and were informed that they could drop out from the study at any time. The mean participation rate per school was .81, ranging from .55 to .90. All collected data were anonymized and no individual results were provided to the participants, their teachers, or the schools, so that neither participation nor non-participation would have immediate consequences for the students.
| Data analysis
| Interest
To analyze the construct validity of the RIASEC 1 N model, confirmatory factor analysis (CFA) models with a maximum likelihood estimator were estimated (Brunner, Nagy, & Wilhelm, 2012; MacCallum & Austin, 2000) in Mplus 7.4 (Muth en & Muth en, 1998 -2015 . To ensure construct validity, we applied goodness-of-fit and absolute-fit indices to evaluate the fit of the CFA model to the data. Here, values of the comparative fit index (CFI) and Tucker-Lewis index (TLI) >.90 and values of the root mean square error of approximation (RMSEA) and standardized root mean square residual (SRMR) not exceeding .08 were interpreted as indicating an acceptable to good fit (Browne & Cudeck, 1993; Hu & Bentler, 1999; Marsh et al., 2010) . We neglected the chi-square difference test as it is overly sensitive to sample size (Marsh, Balla, & McDonald, 1998) .
The questionnaire data met the normality assumption with absolute values for skewness and kurtosis of <1 for all variables. The investigation of internal consistency as an estimate of reliability for all latent variables showed acceptable to excellent Cronbach's alpha values (a 5 .67-.87) after deleting one item per dimension because of poor item-scale correlation (Table 1) . Additionally, score reliabilities (q) defined as the ratio of true variance to observed variance were calculated for each scale following the approach described by Raykov (2009) . The obtained coefficients (q 5 .68-.87) corroborate the assumption of sufficient to good reliability of the seven interest scales.
To investigate whether the items provide valid measures of students' interest in school science activities, a theory-based CFA model with seven RIASEC 1 N activities first-order factors (realistic, investigative, artistic, social, enterprising, conventional, and networking) was constructed Dierks et al., 2014 Dierks et al., , 2016 . This model had the following characteristics: (i) each activity measure had a nonzero loading on one first-order RIASEC 1 N factor but zero loadings on the others; (ii) correlations among the factors were allowed, and (iii) factor loadings were freely estimated and factor variances were constrained to 1. In this model, higher scores on a particular RIASEC 1 N factor are connected with higher scores on all activities related to that factor.
The resulting model showed a good fit to the data (v 2 5 1458.187, p < .001, df 5 167, CFI 5 .938, TLI 5 .922, RMSEA 5 .058, SRMR 5 .047). This indicates that the instrument is sensitive to the different activity types and adds support for a valid assessment of the assumed structure of students' interest in school science activities.
1
The correlations between the RIASEC 1 N factors vary from r 5 .34 to .87. The factor loadings on the RIASEC 1 N factors varied from k 5 .48 (artistic) to k 5 .85 (social) with a median loading of Mdn k 5 .73 (all factor loadings were significant). Thus, the latent variables exhibit strong effects on most subscales meaning that interest in an activity of a certain RIASEC 1 N dimension leads to higher interest in all activities connected to this dimension (Supporting Information, Figure S1 ). To compare students from different grades by analyzing latent values, strong measurement invariance had to be ensured (Wu, Li, & Zumbo, 2007) . First, seven CFAs were conducted for each grade separately, indicating an appropriate fit of the model in each grade (Supporting Information Table S3 ).
Next, we tested for measurement invariance to ensure that the items measure the same theoretical construct across all grades. Multiple-group confirmatory factor analyses were sequentially evaluated RMSEA 5 .111, SRMR 5 .074), which distinguishes between students' interest in school science activities involving group work or individual work, respectively, were fitted to the data. However, both models showed poor fits, suggesting that the data are best represented by the seven-dimensional model.
| 11
for models of configural, metric, scalar, and strict invariance, whereby each step adds more restrictions to the baseline model (Wang & Wang, 2012) : configural invariance tests for equal factor loading patterns across groups; metric invariance requires equal factor loadings; scalar invariance requires both invariant factor loadings and item intercepts; and strict invariance requires equal factor loadings, item intercepts, and error variances across groups. The goodness-of-fit indices for the first three models are consistently acceptable to good whereas the strict invariance model exhibits a poor fit (Supporting Information Table S4 ). For testing measurement invariance, the first three model fits were compared by CFI and RMSEA difference testing. Hereby, a change of <.01 in CFI supplemented by a change of <.015 in RMSEA between subsequent models would indicate invariance (Cheung & Rensvold, 2002) . Using this criterion, we could demonstrate scalar measurement invariance, as DCFI was smaller than .01 and DRMSEA was smaller than .015 between all consecutive models (Supporting Information  Table S4 ). However, testing for strict invariance failed due to a poor fit of the fourth model and a change in CFI of 2.025, which is above the threshold. Therefore, we have used latent, rather than absolute, means in our comparisons across groups (Steinmetz, 2011; Vandenberg & Lance, 2000) .
| Conceptual understanding
To account for the matrix design of the test (i.e., not all items having been administered to all students), we utilized Item Response Theory (IRT) to analyze the data. Students' answers to multiple-choice items were coded as incorrect (0) or correct (1). In case of OMC items, answers were assigned partial credits from 0 to 3 in correspondence to the theoretical model. For instance, answer options that were assigned to the lowest level of the model were coded 0, the next level was coded 1, and so on. A one-dimensional 2 multi-group generalized partial credit model (MG-GPCM, as implemented in the R package TAM; Test Analysis Modules; Kiefer, Robitzsch, & Wu, 2017) was used for analyzing the coded results of student answers, with students' grade (from 5 to 11) as grouping variable. The expected a posteriori based on plausible values reliability (EAP/PV) was calculated and found to be .88, which indicates a high reliability of the measured construct (Field, 2013 
| Interplay between interest and conceptual understanding
To investigate the relationship between students' interests in the seven RIASEC 1 N dimensions and students' conceptual understanding as measured by our test, we included students' WLE parameter from the multiple-group generalized partial credit model as a manifest variable into the multiple-group CFA model and correlated the seven latent variables (RIASEC 1 N) with the WLE score (MIMIC approach; cf. Fan, 1997 As the test construction covered three basic concepts, also a three-dimensional model was fitted to the data. However by comparing the goodness-of-fit of the one-and the three-dimensional models, model fit parameters were in favor of the one-dimensional model, suggesting that the items cover a single dimension of conceptual understanding, not three distinct dimensions.
| R ES ULT S
| Trends over time
As the main goal of this study is to compare the interrelation of interest and conceptual understanding across Grades 5-11, it is important to ensure the comparability of the constructs across this grade span. Students in Grades 10 and 11 generally have the option to drop-out from chemistry (cf. Table 1) . With regard to the conceptual test, the results of students who dropped out of chemistry courses are on the same level as the average result of students in Grade 9. Hence, no learning gains can be observed when comparing the results of students in Grade 9 to students who do not attend chemistry courses in Grade 10 (mean WLE difference 0.06, t(91.85) 5 20.86, p 5 .39) or Grade 11 (mean WLE difference 0.08, t(300.35) 5 2 1.55, p 5 .12). The results of these students are cumulatively falling behind when compared to their peers attending chemistry courses (Grade 10: mean WLE difference 0.28, t(126.73) 5 23.86, p < .001; Grade 11: mean WLE difference 0.42, t(336.57) 5 27.68, p < .001). As attending or not attending chemistry courses in upper secondary obviously has an effect on students' results on the conceptual test, the following steps of the analysis focus on students who are provided with adequate learning opportunities in Grades 10 and 11 (N 5 2,294), thus excluding students who decided to drop out from chemistry.
| Interest
As to students' interest in school science activities, the results follow the pattern known from many studies: students' interest declines more or less monotonically from grade to grade (Figure 2 ). Although the instrument in this study allows for a more fine-grained differentiation of students' interest in seven dimensions of different school science activities based on the RIASEC 1 N model, the overall trend is comparable in all dimensions. While students' evaluations of their interests, with regard to the different school science activities, decline significantly on a year-to-year rate only sporadically, substantial drops can be observed in all seven dimensions about every two years. Overall, students in Grade 5 indicate a significantly higher interest in all seven dimensions than students in upper secondary.
Regarding the individual dimensions, there are two types of deviations from a monotonic decline present in almost all dimensions: first, students' interest in Grade 9 is unexpectedly high compared to the other grades (pertaining to the realistic, social, enterprising, conventional, and networking dimensions), resulting in an increase of students' interest from Grade 8 to 9. Second, eighth grade students' interest in investigative activities is overly low. Only in the artistic dimension, students' interest declines from grade to grade.
F IGUR E 2 Mean factor scores and corresponding standard errors of students' interest in school science activities across Grades 5-11 based on the MG-CFA. Values in Grade 5 (reference group) are set to 0 due to identification reasons. Significant differences between grades are reported for comparisons between grades within two years of each other (*p < .05; **p < .01; ***p < .001)
With regard to the interrelations of students' interest between the seven dimensions of the RIASEC 1 N model, certain patterns emerge (Figure 3) . First, the correlation coefficients between the seven latent factors start relatively high in Grade 5, with values between .5 and .9. Only the correlations between artistic and social as well as artistic and realistic start with a value below .5 (r(AS) 5 .35; r(AR) 5 .48). Almost all correlation coefficients increase from Grade 5 to 6, before dropping again in Grade 7 (when chemistry teaching usually starts). While correlations between the realistic, investigative, enterprising, and networking dimensions stay on a high level throughout the grades, these four dimensions exhibit progressively lower correlations to the social, artistic, and conventional dimensions.
| Conceptual understanding
In a first step, we investigated the progression of students' understanding of the three chemical concepts covered in the test. As a first indicator, we calculated the correlation between students' grade and their WLE parameter, resulting in a high correlation between both variables (r(2,476) 5 .68, p < .001). This suggests that independent of differences in school curricula and classroom instruction, there is, as expected, a general trend towards higher levels of understanding with higher grades (Supporting Information, Figure S2 ). We then compared the mean WLE parameter across the Grades 5-11. Based on an ANOVA, there was a significant effect of the grade level on students' WLE parameter, F(6, 890.46) 5 387.56, p < .001, g 2 5 0.50. This result is supported by planned contrasts, indicating that students' understanding significantly progresses between Grades 6 and 11, while the mean difference between Grades 5 and 6 is nonsignificant (Table 2) . Concerning the effect sizes for the average annual gains on the WLE parameter, large effects can be found for grade transitions from 6 to 7 (d 5 0.84) and 8 to 9 (d 5 0.73), respectively, followed by the transition from 7 to 8 with an (almost) middle-sized effect (d 5 0.43). The gains from Grades 9 to F IGUR E 3 Latent correlations between the seven dimensions of students' interest in school science activities according to the RIASEC 1 N model (MG-CFA) across Grades 5-11 (R 5 Realistic; I 5 Investigative; A 5 Artistic; S 5 Social; E 5 Enterprising; C 5 Conventional; N 5 Networking). All correlation coefficients are significantly different from 0, with the exception of the correlation coefficients between the artistic and social as well as between the artistic and networking dimensions in Grade 10 10 and 10 to 11 are only small effects, while transitioning from 5 to 6 is not associated with a significant increase in gains on the conceptual test.
To facilitate the interpretation of the obtained effect sizes for the different grade transitions, we compared them to the results of a meta-analysis based on average annual gains on nationally normed science tests (cf. Table 2 ; Bloom et al., 2008) . The calculated effect sizes in this study are substantially larger for transitions between Grades 6 and 10, while the effect size for the transition from Grades 10 to 11 is comparable. The effect size for the transition from Grades 5 to 6 is substantially lower. Overall, both the effect sizes in our study and the reported benchmarks in Bloom et al. (2008) are lower in higher grades (when disregarding the transition from Grades 5 to 6 in this study). However, the reported benchmark effect sizes follow a quite constant trend in a small range of values (0.15 < d < 0.28), while the effect sizes in our study escalate from Grades 6 to 7 (when teaching chemistry as a distinct subject usually begins in Germany), remain on a high level until Grade 10, before decreasing substantially when students transition to upper secondary. In addition, the range of the obtained effect sizes is much larger (0.18 < d < 0.84) when compared to the benchmarks in Bloom et al. (2008) .
| Interplay between interest in school science activities and conceptual understanding
When including the WLE parameter from the IRT analysis as a covariate into the MG-CFA model (MIMIC approach), it was possible to estimate the latent correlations between students' conceptual understanding and students' interest in school science activities in the different grades. Overall, the correlation between conceptual understanding and interest increases with grade but these interrelations differ much between the different dimensions (Figure 4) .
In general, the course of the correlation coefficients across grades subdivides the seven dimensions into two groups. In one group (realistic, artistic, conventional), correlation coefficients are generally lower than .3, indicating an only weak connection between students' conceptual understanding and their interest in these school science activities. While the correlation between students' conceptual understanding and their interest in realistic and conventional items remains on a quite constant level (despite fluctuations across grades), the correlation between conceptual understanding and students' appraisal of artistic activities slightly declines. In the second group (investigative, social, enterprising, and networking), a weak connection between conceptual understanding and interest can also be observed in lower grades. However, values for the correlation coefficients gradually increase from lower to higher grades, resulting in substantial correlations in Grades 10 (social and networking) and (Bloom et al., 2008, p. 305) .
11 (additionally investigative and enterprising). Here, correlation coefficients fall into the range of .3-.5, indicating a middle-sized connection between both constructs. Across the grades and with the exception of the conventional dimension, all correlation coefficients undergo a substantial decline in Grade 7, when chemistry teaching usually starts.
| D IS C US S I ON
The goal of this study was (i) to investigate the validity and reliability of the measures for students' interests in school science activities as well as students' conceptual understanding across Grades 5-11, (ii) to analyze the development of students' interest in school science activities and their conceptual understanding across this grade span, and (iii) to scrutinize the relationship between these two constructs in the different grades. Therefore, a cross-sectional study was conducted collecting data about students' conceptual understanding of three basic concepts of chemistry (energy, matter, and chemical reaction) and their interests in school science activities, based on the RIASEC 1 N model, an adapted version of Holland's RIASEC model of vocational interests (Holland, 1997) .
| Validity and reliability
With regard to the overall design and analysis procedure, multiple evidence and arguments with regard to the content of test and questionnaire items, item phrasing, cognitive processes, internal structure, and consequences of testing were collected and discussed (Joint Committee, 2014; Messick, 1998) . In addition, further validity aspects, such as the relation of the measured constructs to external criteria, were discussed in the results section. In summary, we consider the utilized instruments to provide reliable and valid measures of students' interests in school science activities and conceptual understanding over the school years 5-11 and, consequently, to be well suited to describe almost the entire period of chemical education in secondary schools with regard to these constructs (cf. Research Question 1). Scalar measurement invariance allowed us to make comparisons across grades and to investigate correlations between conceptual understanding and interest at this more precise level, providing insights into the interplay between the two constructs. Hence, this study adds further evidence for the suitability of the RIASEC 1 N model to describe the multidimensional structure of students' interests in school science activities (cf. Blankenburg et al., 2016) and, moreover, enhances previous findings through the conjunction with learning outcomes.
F IGUR E 4 Latent correlations between students' conceptual understanding (WLE parameter of the MG-GPCM) and students' interest in school science activities according to the RIASEC 1 N model (MIMIC model). Correlation coefficients were tested to be significantly different from 0 (*p < .05; **p < .01; ***p < .001)
| Development of interest in school science activities
Similar to findings reported in the literature, students' interest in school science activities significantly decreases in all interest dimensions. This is particularly notable as our sample represents a positively biased selection of students neglecting students who elected not to follow chemistry courses in higher grade levels. With regard to the RIASEC 1 N model, high intercorrelations (r > .8) exists between (i) the investigative and the realistic, enterprising, and networking dimensions as well as between (ii) the enterprising and networking dimensions. Based on the underlying theoretical model (Dierks et al., 2016; Holland, 1997) , these dimensions address different, but highly interrelated, aspects of scientific inquiry (R€ onnebeck, Bernholt, & Ropohl, 2016) , which in turn might be reflected by the strong ties between these activities.
A more detailed consideration of the observed decline of interests reveals striking deviations in Grade 9 (realistic, social, enterprising, conventional and networking) and Grade 8 (investigative). The setback of students' interest in the investigative dimension in Grade 8 might be partly explained by the beginning of chemistry education in Grade 7 and a shift of focus towards scientific ideas and reasoning incorporating demanding and tedious tasks in the subsequent grade.
Besides developmental effects, for instance, the gender-intensification and differentiation of interests hypotheses (Krapp & Prenzel, 2011) , variations of class compositions and the customary assignment of new teachers in Grade 9 are factors likely to contribute to this pattern. New class compositions and new teachers are accompanied by new social interactions, deviating styles of instruction and potential changes in class climates which has been shown to impact on achievement and interest development (Harks, Rakoczy, Hattie, Besser, & Klieme, 2013; Keller, Neumann, & Fischer, 2016; Kunter et al., 2014) .
| Development of conceptual understanding
While students' interests in school science activities decrease across the grades, their conceptual understanding increases. These learning gains are primarily achieved in Grades 6-9 and levels out from Grade 9 and onward, which is in accordance with recent findings (Hadenfeldt et al., 2016; Liu & Lesniak, 2005) .
Based on Cohen's d as effect size to evaluate students' learning gains, we compared the average increase in students' conceptual understanding for each grade transitions between Grades 5 and 11. The effect sizes were compared with the results of a meta-analysis based on average annual gains on nationally normed science tests (cf. Table 2 ; Bloom et al., 2008) . Although the meta-analysis refers to science, and not to chemistry as an individual disciplinary subject, as well as to a different country (US instead of Germany), the benchmarks reported in Bloom et al. (2008) provide a reference to interpret the learning gains observed in our study. Here, only the effect size for the transition from Grade 10 to 11 is on a comparable level. The low effect size for the transition from Grade 5 to 6 in this study is probably due to the fact that teaching chemistry regularly starts in Germany in Grade 7. Although students in Grades 5 and 6 are attending either science or biology and/or physics courses, depending on the timetable of their school, these courses seem to provide only limited learning opportunities with regard to the concepts covered in the test. From the onset of chemistry teaching in Grade 7, effect sizes escalate to large effects for the transitions from Grade 6 to 7 (probably due to having dedicated chemistry courses for the first time) and from Grade 8 to 9 (probably due to a strong emphasis on theoretical models for describing the structure, composition, and change of matter, hence, providing intensive learning opportunities for the concepts covered in the test). In general, the effect sizes for the annual learning gains for transitions between Grades 6 and 10 are generally higher than effect sizes reported in Bloom et al. (2008; Table 2 ). This result that can probably be traced back to specific discrepancies between the meta-analysis and this study, for example, students' learning opportunities in a disciplinary subject chemistry (instead of science), the test design focusing on core chemical concepts (instead of a broader test on concepts relevant in different science disciplines; cf., Bloom et al., 2008) , and the alignment between curriculum and test (Liu, 2012) . However, the results obtained in this cross-sectional study also indicate that the test is sensitive to students' learning in chemistry across the Grades 5-11, supporting the assumption that the developed instrument provides a thorough measure of students' conceptual understanding across this grade span.
| Interplay between interest in school science activities and conceptual understanding
The main findings obtained in this study are summarized in Figure 4 , depicting correlations between students' conceptual understanding and the distinct interest dimensions. The findings reveal small to middle-sized positive correlations between conceptual understanding and interest in school science activities, with the exception of one negative correlation for the artistic dimension in Grade 10.
At the beginning of secondary school, interest is mainly shaped by expectancies and experiences in early science (primary school) and integrated science courses (Grades 5 and 6). From Grade 7 onward, interest in school science activities is affected by education in biology, physics, and increasingly by experiences in chemistry lessons. Consequently, there may be a re-evaluation process of interests in Grade 7 which leads, at first, to lower correlations between interests and conceptual understanding. Due to incipient chemistry education, students encounter new and additional learning opportunities and, hence, the acquisition of conceptual understanding is more and more taken over by instruction in chemistry, resulting in increasing correlations between interest and conceptual understanding. After Grade 9, students have the option to drop-out from taking chemistry courses. With regard to our sample, only students attending chemistry courses in upper secondary are included, which constitutes a selection of students being more interested and achieving higher (although the results are almost identical when including the full sample into the analysis).
On closer inspection, Figure 4 also reveals differing interrelations between conceptual understanding and interest: (i) small to middle-sized, positive relations, increasing from Grade 7 to 11, between interest in investigative, social, enterprising, and networking activities and conceptual understanding; (ii) small positive, but almost stable relations between interest in realistic activities and conceptual understanding; and (iii) negligible correlations between conceptual understanding and interest in the artistic and conventional dimensions. Taking into account findings from previous research and a closer examination of the wording of the items, it seems plausible to assume multiple factors contributing to this differentiation.
With regard to (i), items of these scales (investigative, social, networking, enterprising) reflect activities associated with cognitive activation (e.g., involving cognitive conflict, or problem-solving) and fostering knowledge acquisition (Kunter et al., 2014) . Interest in these activities manifests itself in superior learning strategies, a higher degree of persistence, effort and attention (Hidi & Harackiewicz, 2000; Hidi & Renninger, 2006; Renninger, 2000; Trautwein et al., 2015) . Students being interested in these kinds of activities thus tend to develop a more sophisticated understanding, as reflected by the escalating correlations between interest and conceptual understanding. Likewise, students' with more sophisticated conceptual understanding are more likely to experience competence and to act autonomously on the basis of their knowledge. Furthermore, it may enable them to appreciate the personal relevance of the current topic and their acting in class and, hence, both subject and acting are valued more highly so that altogether the probability to develop a more stable interest in associated activities increases (Ainley & Ainley, 2011; Harackiewicz, Smith, & Priniski, 2016) . Additionally, enterprising activities refer to leading roles which might be more appealing to students with a high academic selfconcept and a more sophisticated understanding (Wigfield & Eccles, 2000) . A growing importance, a higher frequency of and spending more time on such tasks (e.g., group presentations) in higher grades, might be auxiliary factors contributing to the increasing coupling between conceptual understanding and interest in enterprising activities. In addition, social learning, perceived competence and social relatedness, especially when regarding the social, networking and enterprising dimensions, might contribute to the greater coupling in higher grades.
As for (ii), the realistic dimension, the findings indicate small positive correlation between interest and conceptual understanding. Items of the realistic scale merely focus on performing given lab experiments, instead of designing and interpreting own experiments (these kinds of activities belong to the investigative scale). Links between the experiment and scientific ideas are not always explicit, neither in instruction nor in students actions (Abrahams & Reiss, 2012) . Without scaffolding, students may struggle to establish these links, thus, just doing appears meaningless for the students (Abrahams & Reiss, 2012; Schwichow, Zimmerman, Croker, & Härtig, 2016; Van Duzor, 2016) and may be neither appealing nor effective for their learning. Indeed, the contribution of laboratory work to students' conceptual understanding (Abrahams & Reiss, 2012) as well as to students' interest (Holstermann, Grube, & B€ ogeholz, 2010) has been questioned, making the weak correlation between interest in laboratory work and conceptual understanding less surprising. However, it is important to notice that items of the realistic dimension of our questionnaire solely focus on the hands-on part of experiments, not the "minds-on" aspect of laboratory work (cf. Hofstein, 2004; Pickering, 1980) which has been shown to impact on conceptual understanding (Duit, Treagust, & Widodo, 2008; Hofstein & Lunetta, 2004) .
With regard to (iii), neither the artistic nor the conventional scale include activities highly associated with cognitively demanding tasks or feelings of relatedness; instead, the focus is on hands-on or, in addition, individual work without enriching elements of communication.
| Limitations
Although all these different factors that have been reviewed from the literature to explain the findings in this study, it is not possible to investigate their relative importance with regard to the obtained results. The study design of a cross-sectional study does only provide insights of trends in averaged results across different cohorts. Hence, the results obtained in this study cannot be interpreted in terms of developmental trends on the level of individual students.
In addition, the correlational nature of the statistical analysis that is applicable to the type of data collected in this study provides no insights into the mechanism behind the reported interrelations between interest and conceptual understanding. Hence, it is not possible to decide on the basis of our study whether interest fosters conceptual understanding or vice versa. In fact, longitudinal studies indicate small reciprocal effects between interest and achievement (Garon-Carrier et al., 2016; Harackiewicz et al., 2008; Marsh et al., 2005) , indicating a back and forth between both constructs.
Finally, the sample selected for this study entails specific limitations. Students were not drawn as a representative sample for the federal state or the country, so the results are not representative in this respect as well. In addition, all students included in this study were attending the German gymnasium, the higher of two tracks of secondary schools in Germany. Consequently, students' performance on the achievement test and probably their interest as indicated by the questionnaire do not cover the full variance that could be observed in the student population.
| Implications
With regard to teaching practice, the cross-sectional results underline the important link between students' interest and achievement in chemistry. Substantive correlations between interest and achievement were only found in higher grades and only for interests in school science activities which are H € OFT ET AL. associated with cognitive activation or the communication of knowledge (i.e., investigative, social, enterprising, and networking activities). These activities seem to provide productive starting points to address students' interests as well as fostering their understanding. Increasingly using related teaching methods, for example, project-based learning (cf., Harris et al., 2015) or peer-tutoring (cf., Ding & Harskamp, 2011) , could offer the opportunity to profit most from this close interrelation between students' interest in specific activities and their achievement. With regard to science lessons in Germany, but probably also with regard to other countries, these teaching approaches cannot be considered as standard repertoire (Risch, 2010; Schiepe-Tiska et al., 2016) . However, it does not seem to be solely the inclusion of specific activities in chemistry lessons that impact on students' interest as, for instance, the different pattern between students' conceptual understanding and their interests in realistic and investigative activities illustrates. The correlation between students' conceptual understanding and their interest in the hands-on part of experiments (i.e., realistic activities) is negligible in all grades, while medium to high correlations can be found for the minds-on part (i.e., investigative activities). This is in line with previous findings questioning the unconditional contribution of laboratory work to students' conceptual understanding (Abrahams & Reiss, 2012) or interest (Holstermann et al., 2010) . While "minds-on" laboratory work has been shown to impact on conceptual understanding (Duit et al., 2008; Hofstein & Lunetta, 2004) , it seems to be generally important to consider a minds-on component in all school science activities when students' understanding is an issue. While some activities might be more appealing for students, higher engagement, concentration, and persistence will only be sustained on longer timescales by a perception of self-determined behavior (Deci & Ryan, 1985) and of competence (Eccles, 2009; cf., Marsh et al., 2016) . Consequently, students need to perceive the activity as productive and rewarding, either personally for themselves or for experiencing themselves as competent agents with regard to the demands of the course.
The assumption that implementing specific activities might provide a productive starting point for fostering both students' interests and understanding is supported by the results obtained in this study as well as findings from the literature reviewed in the discussion. However, the cross-sectional design and the correlational nature of the obtained results provide no insights into the actual mechanism between interest and conceptual understanding. While some studies indicate small reciprocal effects between interest and achievement (Garon-Carrier et al., 2016; Harackiewicz et al., 2008; Marsh et al., 2005) , there is a need for further longitudinal studies that provide insights into the development of both constructs as well as their interplay on the individual level.
In addition, further research needs to address the impact of classroom variables and practices and how these influence students' interest in specific school science activities. Intervention studies could provide more evidence with regard to the question of whether the implementation of specific activities actually fosters students' interest, students' understanding, or even both. This kind of studies seems to be particularly important in crucial grade levels (e.g., when students are making choices for upper secondary school).
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